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The  use  of  specialized  heavy  equipment  in  the  construction  phase  of  the  800- 
mile  Trans-Alaska  Pipeline  is  described.  The  types  include  equipment  used  in 
bending,  taping  and  insulating  the  li8-in.  pipe  used  for  the  pipeline.  Stretch- 
ing from  Prudhoe  Bay  on  the  North  Slope  and  Beaufort  Sea  to  the  southern 
terminal  at  Valdez  on  the  Prince  William  Sound  and  the  Gulf  of  Alaska,  the 
pipeline  construction  task,  with  the  combination  of  varied  arctic  terrain, 
severe  climatic  conditions,  conservational  and  environmental  restraints,  and 
rigid  scheduling  is  a nro.lect 
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INTRODUCTION 


The  construction  of  the  800-mile  Trans-Alaska  Fipeline  from  Frudhoe 
Bjty  on  the  North  Slope  and  Beaufort  Sea  to  the  terminal  at  Valde;-.  on  the 
Ciulf  of  Alaska  is  a project  unlike  ai;y  that  has  been  undertaken  before. 

The  combination  of  varied  arctic  terrain  conditions,  severe  cliimit ie 
conditions,  conservational  and  environmental  restraints,  rigid  schedul- 
ing, and  a complex  mmiagement-contractor  system  makes  this  a unique 
ventui'e. 

The  pai'titioning  of  the  pipeline  into  five  sections,  each  with  a 
prime  contractor,  has  placed  a requirement  on  each  section  of  having  on 
hand  all  equipment  and  machinery  needed  to  complete  all  pliases  of  t lie 
pipeline  construction.  The  contractor  in  section  S,  Morr i son-Knudsen , 
responsible  for  the  terminal  at  Valder,  and  the  line  north  for  about  1 ‘'0 
miles,  is  utilizing  over  llOO^pieces  of  equipment  of  which  600  are 
classified  as  heavy  equipment  . The  total  fuiiount  of  equipment  on  the 
entire  line  is  estimated  at  over  2500  pieces  of  heav>’  equiiiment  (doners, 
backhoes,  creuies,  scrapers,  dump  trucks,  etc.).  This  total  includes  the 
usual  pieces  required  for  trenching,  earth  moving,  and  pipe  handling, 
as  well  as  specialized  items  for  pipe  preparation  and  finishing.  Uome 
of  the  specialized  equipment  are  newly  designed  prototypes  with  not  all  the 
bugs  entirely  eliminated.  Also,  some  of  the  equipment  is  overly  designed 
in  Ci.'impl exity  and  sophistication  and  underdesigned  to  cope  with  the 
harsh  ai-ctic  environment. 


The  vai'ied  terrain  conditions,  including  ttiose  encountered  only  ii^ 
the  north  (tundra,  muskeg,  pernwfi'ost , and  areas  of  deep  thaw  ajid  unstable 
ground),  present  varying  demands  on  tlie  types  of  equipment  to  be  used. 

The  restrictions  placed  by  environmental  and  conservat iona 1 cons iderat ions 
on  the  allowable  changes  and  modifications  to  the  terrain  add  to  the 
already  complex  construction  task.  IVo  types  of  terrain  have  to  be 
considered,  with  conditions  where  the  soil  is  classified  as  eitlier  t luiw 
stable  or  thaw  lui  stable.  In  a stable  soil,  thawing  of  t lie  surrounding 
ground  does  not  bother  the  stability  of  tlie  pipeliiu'.  In  ttiis  type  v'f 
soil,  below-ground  pipe  installations  using  convent  ional  burial  mt'tlu'de. 
are  employed.  However,  in  unstable  soil,  the  thawing  of  the  surroundings 
causes  settling  smd  affects  the  stability  of  t t\e  line;  therefore,  the 
above-ground  mode  of  pipe  installation  is  used.  The  two  modes  are 
divided  about  '’0-50. 
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v'f  iniitnlloJ  ui  {'r<vlri  I Itvl  liv'U*:!  vri^;.  dt*  [h*iu1  i iif;  >.'ii  t lit*  .noil  i- 

ditii'iKi.  hist  nl  1 iiit;  VilM':!  ia  anivl  to  dt;v  Uit  «*  t ho  iiiv'at  !‘rom  wufmoi' 
0 I lintit  o ooiiat  rxiot  IvMi  I'ftXv't  U'oa'  . 


finiuft.  I'vo^ifl  1 U'd  lU'losi  t\'r  Vert  t'tit'V 


'.’he  v'l'Jeotive  ot'  tlxia  \\ti'er  is  tv'  ftive  a de!:orl\'t  ion  v't*  r.v'we  v'f  t lie 
:'>l'eo  i!»\ l;:ed  evjMl  piHt'tit  viac'vl  itx  the  v'otu'd  rxio  t iv'H  ('hftae  v>r’  Trntu'--Aliitik» 
I'ipelitu'.  The  nren  v'f  spev'inl  i .■.'H  iv'ii  ir.  t lie  pii't'  j'rei'fU'Mt  iv'ix  hefv're 
welvltug  HHvi  v'ne  tvren  esxv'lx  in  heU'w  niid  nhv've-ftrv'unvl  I'ive  inr-tai  Itit  iv'n. 


iVVK’v'v*'V10N  ■.•b:v^Ub:Mx'K 


I'l'  ftive  hrie  ' v'verview  v'f  the  v'oiu'.t  riiv-t  iv'ii  taak  fv'r  t tie  pireline, 
tile  v'v'iuit  met  ion  -.leviuenoe  and  v'hr.ervat  iv'im  v'f  a Field  lairvei  llanoe 
v'ffloer  fv'r  t lie  Ftate  v'f  Alaaka  i'ii'eline  v'v'v'i'viinat  or ' a v'ffioe  will 

I'e  I'l'eaenlevi  ti'ersv'nal  v'vir.uiiimioat  iv'ii ' . '.’lie  Ov'nnt  ruot  iv'ii  aeviueiiv'e  ia  Cof 
a lO-Riile  atrr'toti  v'ti  atate  Ifuui.  It  ir.  aaanmevi  t liat  a prel imi’iar.v 
aurvei  and  fteneral  I'v'ute  aeleet  ion  liave  been  Ov'Hii'let  ed  I'.v  t lie  Al.veaka 
i'il'eline  Itervioe  v\'inj'tin,v  , and  av'i'Vv'Ved  hy  the  General  Teohnioal  Ftaff  v'f 
the  F'tate  v'f  Alaaka  idpeline  v'v'v'i'd  inat  v'r ' a v'ffioe,  aiivi  that  the  lu't  ioe 
tv'  I'l'v'oeed  haa  ht'en  ftivt'ii.  The  aeviuenoe  v'f  a Ov'nat  ruv't  iv'n  nhaae  v'f  the 
pipeline  fv'llv'wa: 


Al'v've-tirv'vuid  Ov'iiat  mot  iv'ii  iVertioal  f'lU'V'v'i't  Memhera ' 


A.  "iVv>  eaoh  v'f  liiateria.la  and  liiapv'aal  aitea  are  I'eviueated. 
Material  allea  for  workpavia  and  apv'ila  diapoaal  aitea  are  tentatively 


selected  by  AlyesKa  geologists.  Irfiyout  drawings  are  prepareii  mid  legal 
descriptions  isued.  Fermit  is  requested,  reviewed  and  land/material 
sale  is  completed.  Time  to  complete;  .10  da,vs.  i^uality  of  material  is 
checked  by  means  of  test  pits.  Approval  must  be  obtained  from  State  KCO 
to  explore  value  and  limits  of  material  within  the  sites.  Kquipment  and 
men  required:  1 helicopter  and  1 survey  crew;  time:  ? days.  Permit  field 
memo  is  issued  by  f'SO  to  clear  and  develop  sites.  Sites  must  be  accep- 
table and  approved  by  l^nvironmental/Fish  and  Wildlife  groups,  based  on 
above  information  and  restrictions  placed  on  the  owner  companies,  clearing 
and  development  are  allowed  to  start  at  both  material  and  disposal  sites. 

b.  Right-of-wajr'  construction  zone  widths  are  surveyed  and  staked 
in  accordance  with  previously  approved  drawings.  Clearing  limits  m-e 
established  at  the  same  time  the  construction  zoties  are  flagged. 

Fquiiiment  and  men  required;  1 helicopter  and  1 sm*vey  crew;  time: 

C weeks. 


C.  Field  memos  are  issued  on  a foot-by-foot  basis  for  clearing, 
with  consideration  for  environmental,  fish  and  wildlife,  and  aestlietic 
concerns . 


b.  Slasli,  over-burden  and  vmdesirable  material  are  eltlier  bu!‘ned 
or  taken  to  disposal  sites  as  provided  by  stipulations. 

K.  Clearing  is  stai’ted  (for  an  average  10-mile  spi-e.'ui).  Kquipment  : 
bulldozers,  O support  vehicles  ( t\iel  manhauls,  etc),  1 lydroax,  1 burn 
pit;  men:  1!>;  time:  i weeks. 

F.  Workpad  construction  begins  after  sepiu'ate  approval  by  FCO  on  a 
foot-by-boot  basis.  Restaking  must  bo  done  prior  to  construction  since 
clearing  has  eliminated  limit  markers. 

Ci.  Workpad  material  liauling  stfU'ts  (for  an  .average  lO-mile  vi-^i'k 
spread).  Fquipment:  12  scrapers,  b belly  dumps,  1*  (9.2  nr  12  yd')  front- 
end  loaders,  bulldozers,  10  support  vehicles  (pickups,  mechanics 
trucks),  U motor  patrols  (blades),  2 rollers  (vibrators);  men;  bl'  cvmi- 
struction  type  and  2 survey  crews;  time:  100  days. 

H.  Resui'vey  is  conducted  for  VtlM  location;  men;  2 survey  crews 
for  10  da^'  FSO  to  inspect  and  issue  field  memos. 

I.  VSM  equipment  (Fig.  h)  is  installed.  Kquipment;  drill  rigs, 
v3  support  vehicles;  men:  l<o;  time:  (b  da,vs. 

J.  ripe  is  welded.  Equipment:  b welding  skids,  10  support  vehicles, 
6 side-boom  tractors,  1 pipe  bender  with  support  vehicle;  men:  oO, 

t ime : 30  days . 


U 


Figure  Vertical  Support  Member  Iiistallnt  ion 


K.  VSM  support  is  placed  and  pipe  is  intalied  (Fig 
1 crane,  side  boom  crawlers,  6 support  vehicles;  men: 
crew;  time:  10  days. 


Figure  Vertical  Support  Member  Supports;  Installation  of  I'ipe 


L.  Pipe  insulation  is  installed  (Fig.  o).  Kouipment : 1 module 

handler,  1 unfolder,  1 manipulator,  2 mobile  cranes,  o support  vehicles 
men:  20;  time:  10  days. 


Figure  6.  Pipe  Insulation. 
Bolov-K^round  pipe  installation 


P'ooiuence  items  A-u  luidor  above-f^rouiKi  construct  ion  apply.  In 
addition,  tlie  folloving  tu-e  ro^iuired: 

H.  7lio  centerline  of  trench  is  resurveyed.  Equipment ; 1 support 

vehicle;  men;  1 survey  crev;  time:  days. 

. drouiid  is  excavated  for  standard  buriitl  of  pipe.  Equipment: 
hacKhoes,  1 small  hulldo-er,  U support  vehicles;  men;  lo;  t ime;  t 
days . 


. Bedding  material  is  prepared  for  pipe  burial  (Fig.  T'.  Equipment 
d crusher  pi ajits/ screen  plants,  ^4  front-end  loaders,  1»  bulldozers, 
scrapers  or  i>0  yd“  belly  dumps,  8 s\ipport  vehicles;  men:  38;  time; 

^0  days. 


K.  Bedding  and  padding  (including  spoils  disposal)  are  placed. 

Kquipmer.t:  1 pickup , conveyor , 2 front -end  loaders,  1 small  bulldozer, 

compactors,  1?  20-yd'  dump  trucks,  1 motor  pool;  men:  38;  time;  3'' 
day  s . 

L.  Pipe  is  installed  with  welding  done  above  ground  (Fig.  8\ 

Equipment:  b welding  skids,  10  support  vehicles,  b side-boom  crawlers, 

1 bender  \init  with  support  vehicle;  men:  bO;  time:  30  days. 

M.  Pipe  is  taped  (Fig.  Equipment;  2 taping  machines,  2 

heaters,  2 pipe  cleaners,  b side-boom  crawlers;  men:  2B;  time; 

l!.  days. 


Fig\ire  7-  Material  Site 


Figiire  8.  Pipe  V/elding 


N.  Cathodic  protection  is  installed  (Fig.  lO).  Equipment:  1 
side-boom  crawler,  1 anode  skid;  men:  It;  time:  ?8  days. 

O.  Backfilling  of  the  trench  is  done  using  existing  material  (Fig 
11 ).  Equipment:  2 bulldozers,  2 front-end  loaders,  li  support  vehicles 
men:  12;  time:  10  days. 


The  data  above  do  not  include 


].  Valve  sites  and  installation 
2.  Revegetation 
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T'’if.'au'o  0.  ripe  Taplnp; 


Kitpift'  10.  Cathodic  rrotcction  Ttiai  al  latioii 


1.  Cut -and-l' i 1 1 iipccat  i imi  foe  iithof  than  acini  1 eve  1 area.  Mi 
hi.l  I r./val  loyr.  arc  iiiciudod  (not.  I'vcr  (lO  f‘t  in  licij.iht.  rroin  level  on 
hotli  r.idea) 
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SrKCIALIZED  EQUIPMENT 

The  variety  of  equipment  needed  can  be  se«>n  from  the  foregoinR  des- 
cription. For  both  the  above-  and  below-ground  pipe  installation, 
specialized  equipment  is  being  used,  and  tlio  following  describes  the 
equipment  and  machinery  used,  ii\  three  construction  phases  of  the  pipe 
installat ion. 

ripe  hending 

The  changes  In  elevatioti  as  well  as  in  dii'ection  of  the  pipeline 
require  the  bending  of  tiie  bO-ft  (rlf.lt-m)  w»>ided-seetion  straight  pipe 
delivered  to  t tie  installation  site.  An  average  of  dO  to, 100  bends/ 
mile  have  been  made  in  many  previous  pipela.ving  pro.lect.s  . In  Alaska 
tdie  number  of  bends  is  expected  to  be  lilgtier  t lian  lOO/mile  llbOd  m). 

After  the  survey  liet. ermines  t lie  liegree  of  bend  at  an.v  given  location, 
the  "overbend,"  "sag,"  or  "side  betul"  is  marked  on  tlie  pipe  section. 

The  bending  unit  travels  tlie  line,  I jiiding  cacti  section  of  pipe  as 
required. 

The  general  design  specifications  for  tlie  bender  re>iiiire  it.  to  liave 
a bend  capability  of  up  to  It. ‘O’  for  l*8-ln.  (l.'.'-cm)  maximum-diameter 
pipe,  of  wall  tliickness  from  0.1*00  in.  (1.17  cm)  to  O.TbO  in.  (l.dO  cm). 

Tlie  equipment  is  to  operate  in  t t'mperat  ures  down  t o - 10‘’F  (-il*'\'').  Four 
ll*-in.  (35.6-!;cm)-diam  hydraulic  cylinders,  capable  vif  withstanding  1*000  psi 
(c. 70x10  N/ni'  ) pressure,  supply  the  actual  bending  force.  The  stroke 
capability  of  the  cylinders  is  about  two  t im*'s  as  much  angh'  ov«'rb*  ;id  as 
t.he  iiuiximum  bend  angle.  A g«'nerutor  supplies  power  to  opiMVit  the  init 
as  well  as  power  to  operat*'  the  heaters  for  the  bendei'  engine,  bender 


O 


i.'yiiiKleri5,  bender  liydraulic  fluid  tank,  and  mandrel  hydraulic  fluid 
tank.  A heated  cabin  is  also  provided  for  the  machine  operator.  Ml 
contact  surfaces  on  the  bender  are  coated  with  a thin  film  of  polyurethane 
to  minimize  damage  to  the  protective  coating  on  the  pipes  while  being 
bet»t . Although  heavy-walled  pipe  may  be  bent  without  any  internal 
backup,  the  thin-walled,  high-tensile  pipe  being  used  for  this  project 
makes  it  necessary  to  use  a mandrel  to  support  the  inside  of  the  pipe 
being  bent  (Kig.  12).  The  nuindrel  sits  iti  the  bending  machine  stiffback 
shoe  until  the  pipe  Joint  is  brought  through  the  pin-up  side  into  the 
machine  (Fig.  13). 


'I'ho  oj'ei'ntiuii  of  the  iiuuulrfl  is  liosoriiunl  bolow  witli  tiu*  iiid  of 
Klgvire  lit.  After  t ite  pipe  is  broxiglit  in,  t.lu*  nifitKlrel  lUi'ves  tmder  its 
own  power  into  t.lie  pipe  on  iiii-ge  eiustoraer-eonted  drive  wiieelu  (2,  Kig.  lit). 


driven  by  tiydrostatic  motors,  and  located  under  the  bending  die  i S,  Kig. 
lit).  The  expander  sections  (li,  Kig,  lU),  ,loined  toget.lier  I'.v  flat  steel 
springs,  are  extended  by  individual  iij'draulic  cylinders  and  locked  iitto 
position.  ilxternal,  elastomer-coated  steel  strips  ( ‘> , i'ig.  lit)  ot\  top 
of  oil  filled  packers  ((',  l'’ig.  lit)  protect  the  pipe  and  ahsoj'b  and 


distribute  the  buckling  stresses 
bends  around  Lite  die,  preventing 
After  lowering  the  stiffback  and 
retracting  the  expander  sections 
winch  one  increment,  the  mandrel 
The  pipe  is  now  reatly  for  tlie  next  bend  increment, 
the  mandrel  are  remotely  controlled  from  a console. 


Tlie  mandrel  "packs"  t lu'  pipe  as  it 
tile  pipe  from  bucklii\g  and  flattening, 
pin-uj'  slioe,  t tie  mandrel  is  released  by 
As  tlie  pipe  is  pulled  back  by  tlie 
is  moved  forward  the  smue  distance. 

A1 1 operat  ions  of 
The  prime  mover  (1', 


Kig.  ih)  is  an  electric  liydruulic  system.  Some  spec  i f i cat  i ons  for  the 
l)8-in.  (1219-mni)  mandrel  are:  height  172  in.  (U,3t'9  nun)  and  weight  12,000 
lbs  kg).  The  imlts  used  on  the  pipeline  are  produced  by  the  OHO 

Crose  International  Incorporated  of  Houston,  Texas. 


The  pipe  bender  (Kig.  15)  is  also  produced  by  CRC  and  its  operation 
is  described  with  the  aid  of  Figure  l6. 


a)  The  pipe  is  moved  into  the  machine  and  positioned  under  the  die 
at  the  point  where  the  bend  is  to  start,  3,  Fig.  16. 


b)  The  mandrel  on  the  inside  of  the  pipe  is  expanded,  Fig.  lb. 


Flg\ire  l6.  Pender  Operation 


c)  The  pin-up  cylinder  forces  the  wedge,  U,  Fig.  l6,  under  the 
pin-up  shoe,  5,  Fig.  l6,  to  raise  it  and  to  secure  it  against  the  pipe. 


l6. 


d)  The  inboard  cylinder,  6,  Fig.  l6,  on  the  stiffback,  T,  Fig. 
p\ills  the  stiffback  up  and  pushes  the  pipe  against  the  die. 


e)  With  the  die  acting  as  the  fulcrum,  the  outboeird  cylinders, 
8,  Fig.  l6,  pushes  the  end  of  the  stiffback  up,  bending  the  pipe. 


f)  After  each  bending  operation,  the  pipe  is  moved  through  the 
machine  an  increment  and  the  operation  is  repeated  until  the  desired 
angle  of  bend  is  achieved. 


g)  The  pipe  is  always  moved  toward  the  pin-up  shoe  when  bending, 
thus  keeping  a straight  portion  of  the  pipe  in  the  stiffback. 

h)  The  longitudinal  weld  in  a bend  section  should  be  near  the 
horizontal  axis  of  the  pipe. 

i ) The  maximum  radius  of  the  bend  for  field  cold  bends  will  be  30 
pipe  diameters,  lUUO  in.  (36.6  m). 

J ) Tangents  approximately  6 ft  in  length  are  preferred  on  both 
ends  of  cold  bends. 


k)  The  pipe  diameter  shall  not  be  reduced  at  any  point  by  more 
than  2-ll2%  of  the  nominal  diameter  and  the  completed  bend  shall  pass 
the  specified  sizing  pig. 


Some  specifications  for  the  bender  are: 


Power  unit 
Hydraulic  system 
Valving 
Winch 

Dimensions : 

Height 

Length 

Width 

Weight 


Diesel,  108  hp  (80,500  W)  ^t  2350  rpm 
3000  psi  (2.109  X 106  kg/m*") 

2 in.  (5  mm) 

Hydraulically  driven 


133  in.  (3.38  m) 
i*07  in.  (10. 3h  m) 
lUU  in.  (3.66  m) 
129,900  lb  (58,920  kg) 


Capacities  (with  mandrel): 

Meucimum  bend  15°  in  ^<0  ft  (12  m)  length 

0.6°/arc  ft  (O.30U8  m) 

Average  radius  100  ft  (30.5  m) 
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Fij^ure  17.  Bendinr,  of  Pipe. 


The  pipe-tapirifT  machine  is  basically  used  to  apply  varying  widths 
of  protective  tape  to  below-pround  pipe.  The  tapinp.  units  used  on  the 
line  were  produced  by  Mid-Continent  Pipeline  Equipment  Company  of  Houston, 
Texas.  The  system  is  composed  of  two  subsystems:  the  prime  and  tape 
macViine,  and  the  pipe-heatinp  system.  In  observations  alonp  section  1 
(Fairbanks  area)  and  section  h (Ft.  Greely  area),  propane-fired  heaters 
were  used  (Fip.  l8 ) . Ganps  of  three  heaters  supported  and  moved 
by  side-boom  crawlers  (Fip.  19),  with  fuel  tanks  (Fip.  ?0)  mounted  on  the 
tractors,  heated  the  pipe  ahead  of  the  tapinp  unit.  Two  panps  of 
heaters  advancing  ahead  of  the  taper  heated  the  pipe  to  between  230°  and 
250°F  (110°  and  121°C),  the  required  bonding  temperature  of  the  protective 
tape  being  used.  With  all  units  of  the  taping  operation  working  properly, 
pipe  taping  rates  of  12  ft/min  (3.7  m/min)  can  be  maintained. 


The  complete  taping  operation  is  shown  in  Figure  21,  with  a rotary 
brush  pipe  cleaner  in  the  front  (background)  followed  by  the  heaters  and 
the  taper  (foreground).  The  crew  for  this  operation  stopped  operations 
at  the  end  of  October  1975  because  the  heaters  could  not  keep  the  pipe 
hot  enough  for  the  following  taper  (personal  communication).  An  induction 
heating  system  is  also  available  which  consists  of  a diesel  engine  power 


i UllK 


.'1.  ripo  Unit  in  Unt'vnt  i v'n 


:'>'unO('.  !i  (.;<'nnr!it  or , nnvi  n f-tntlon  Ov'in\'r  i i n(;  1 r;in:'. 

vo’.t!if',<-  rt't^nintor  !U\vi  invlnotion  ooil  l\o!it  or;’..  Viuni  ur-Ovi 
Hv'nntOvl  >lirootly  tiiionvl  of  t ho  '['rino  nuvi  t npo  \init. 


'.'t'.o  'I'rino  .•v!Ki  t npo  ’.•.uvolii  no  i :■  r'.onn!  oh  holii'.ui 

wiit-olt;  n:-c\i  to  v.iovo  t !\i’  t'rjuuo  on  w!\io!»  t tu'  j'rint'  ;i'.ui  taro  v.a 
'.'l\o  i'rliuin^  looiitoh  imr.u'hiat  c-ly  t'oirinvl  t lio  orawior  whi 

oj'i'fat  oh  t Suvnif^li  !i  o.oriot;  ot'  olniino.  :UKi  :-i''‘Ov’>'t't  that  rv'tat 
oaj-’.o.  Ih'ir.unj;  fvif;a  art-  attaol\oh  to  t ho  oaf.',o  to  :ooroa>i  t !'.o  ; 

natc-l.v  ' r.ila  tfiiok'  i-vonly  ovor  t l\i'  ontirt'  o-nrt'aoo  ot'  t itt'  ! 


A fan  system  removes  excess  primer  t\imes.  There  is  a drylnj^  (tap 

hetween  the  prlminjt  system  (u\d  tiie  taplnft  station.  The  tapii»(t  station 
is  also  operated  hy  oiniins  tmd  sprockets  ai\d  a variable  speed  control 
device.  'Hie  sneed  control  device  cv^ntro^s  ttie  tape  vrap  overlap  and  t lie 
speed  of  tape  application  ;u\d  is  locatt'd  at  the  rmir  of  the  priminp: 

St. at  ion.  Tlie  entire  unit  is  held  co.axial  to  the  pipe  by  means  v''f  a 
striiifter,  throu^th  which  cables,  held  in  tension  by  the  side  bov'm  tractor, 
are  inserted.  The  major  Intoftr.al  comi'onent  s of  the  prime  and  tape  wrap 
unit  are  the  following:: 


1.  Krtme  - The  unitic.ed  frtuiie  serves  as  the  structural  support  for 
all  the  comix'>nent  s . 'Hie  frjvme  also  has  a hiiv'od  operator  platform  on 
the  r i(tht-of-w;iy  side. 


J*.  rrimiiv’:  station  - A iv>t.atin(t  circular  primer  c.ajte  is  located 
near  the  center  of  the  frtune.  I'rimer  ructs  attached  to  this  civte  dis- 
tribute the  primer  on  the  pipe.  A 10-|.:al  (llo.o-O  primer  tank  with  an 
intern.al  fvtitator  'Veds  the  primer  onto  the  pit'e  for  spreaditu’;  by  the 
ru^ts. 


>.  Tapiiift  station  - A ivtat  livt  tapiiif;  station  is  located  v'n  the 
rear  of  the  frtuiie.  As  the  wrappink-:  head  rotates,  tape  is  automatically 
spiraled  onto  the  pipe.  ''.'wv'>  tape  assemblies,  which  include  the  tape 
arm,  rewind  arm  and  pressure  roller,  are  thiruished.  A ivll  v''f  tape  is 
plav'ed  on  e.ach  .arm,  and  .as  the  t.at'e  is  fed  v^nto  the  pipe,  the  b.ackiip: 
paper  is  automatically  rewound  for  eventual  discard.  I'heu  the  tape  is 
pressed  onto  the  pipe  by  the  pressuta'  rollers. 
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!t.  Upper  drive  ussombly  - Kour  rlifilti  niid  sprivket  driven  poly- 
urotluine  ertvwler  wheels  {Qlow  the  Jitfiehlne  to  be  driven  iiion,;  tdie  pipe. 

A lower  iset  of  crawler  whet'la  cun  be  ntili^ed  to  provide  extrit  traction 
on  inclined  terrain. 

s.  Kear  Idler  wheels  - Upper  a!\d  lower  Idler  wheels  are  located 
near  the  rear  of  the  frtuue.  These  keep  the  machine  concentric  with  the 

P i pe . 

0.  Tower  system  - A diesel  entwine  mounted  on  top  of  the  frjuiie 
provides  the  necessary  power  for  the  unit. 

Uome  controls  for  the  taping  mchlne  include: 

1.  Wheel-drive  transmission  - Three  p.e.ar  ratios  are  provided  for 
select ive  control  of  forward  line-travel  speed.  Reverse  is  also  pro- 
vided fv'r  backing  the  unit  when  necessary. 

ttijjine  clutch  oi'crat  in^c  lever  - This  control  starts  or  stops 
the  taping  head,  primer  head,  and  power  to  the  drive  wheels  simultaneously 
The  tiydraulical-iy-di-ivcn  blower  and  exh.aust  fans  continue  to  run  while 
the  engine  is  running  since  the  Ivvdraulic  piunp  is  driven  directly  off 
the  rear  of  the  engine. 

1.  Kan  circuit  - Kan  and  blower  are  couneett'd  in  series...  a^  X’s*' 
circuit  relief  valve:  this  valve  is  set  for  1''00  psl  il.OtxlO  N m 
ma.\imum  pressure.  b>  Uirectional  control  valve:  this  valve  starts 
or  stops  the  fan  and  blower,  c'  Mxliaust  fan  speed  control  valve: 
this  valve  controls  flow  iti  the  l;ydraulic  circiiit  for  slowiiig  the  tan  as 
the  valve  is  opt'iied. 

!t.  Krimer  flow  control  valve  - I'lu're  are  two  controls  tor  primer 
flow:  the  master  flow  vtilve  aiul  a fine  coi\trol  valve  t.'f  tine  ad.'ust- 

ni<*nl  of  primer  being  applied  to  the  pipe. 


Trawler  wheel  clutch  - Kngages  or  disengages  the  drive  crawler 


whee I s . 


Wrapping  head  clutch  - Kngages  oi'  disengages  the  wrappi.ng 

St at  ion. 

Ratchet,  idler  wheel  - Is  engaged  to  hold  machine  true  with 
pipe  so  that  tape  lap  will  not  be  off. 

I'.  Wrapping  head  speed  control  - ’.'he  speed  of  rotation  of  the 
wrapping  head  relat iv.-  to  the  speed  of  the  machine  along  the  pipe  is 
contrv'lled  by  the  ratio  control  knob  on  the  variable  speed  control 
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device.  In  effect,  this  adjustment  controls  the  overlap  of  ttie  tape  in 
bends  and  also  makes  possible  the  use  of  various  width  tapes. 


A general  view  of  the  taping  operation  is  shown  in  Figure  2d.  Tlie 
taping  operation  near  the  Chatanika  Kiver  north  of  Fairbanks  in  May  of 
1976  used  an  after  burner  heater  following  the  taper  for  ensured  tape 
bonding  (Fig.  2U). 


Figure  23.  Taping  Scene,  setting  up 


Taping  After-burner 


At'ove-viroimd  Tipf  luaulati o 1 1 


Thf  nKn-t'-f^rouiul  pipo  insulating  iiuit «>r ial  is  instalU-d  aJ'tor  tin* 
welvU'd  stv'tions  of  the  pipe  have  been  installed  on  the  vtU't  loal  support 
r.iemher  iVt'-v.)  -ind  orossbar  sliding  saddle  or  anohor  support  members  tKig 
’Hie  insulation  onsists  of  sheets  of  1‘i-ft  1 1« . ■'i'-m-wide  ^ by  Ji^-ft 


Above-ui'ound  Pipe  Ready  for  Tnstilation 


iT . '.''-ra-long ) by  d-V**-in.  ‘'.'-om-deep ' fibrous  blankets  bonded  to  a 
galvjutif.ed  steel  outer  ,laoket  weighing  about  700  lb  iilll*  j;  ^ . A molded 
fiberglass  insulating  module  is  also  installed  at  eaoh  of  the  Vt^M  saddle 
or  anohor  points.  The  module  halves  are  approximately  I'd.  U . m^ 
high,  0.5  ft  (l.l  m)  wide  and  I.’’  I'd  (d.T  m^  long  and  weigh  ’*00  lb  tlTT'^ 
They  oonsist  of  a tirethane  foiuu  core  with  a fiberglass  reinforoed 
plastio  inner  and  outer  skin.  Roth  iitsulators  are  supplied  by  the 
Owens-Oorning  Fiberglas  Oorporation.  The  two  main  pieoes  of  insulation- 
handling and  installing  equipment  are  the  unfolder  and  manipulator  of 
the  large  insulation  sheets.  A module  installation  \tnit  is  also  re- 
quired. The  units  are  produoevi  by  the  Amerioan  Ohaitt  and  Oable  0ompa!i.v 
o f Oa 1 em , Illinois. 


rite  module  halves  are  emplaced  by  meaits  of  a crane  and  a holding 
device.  A module  handler  has  been  used  which  consists  of  a self-con- 
tained vacuum  system  mounted  on  a load  betun  from  which  two  vacinuti  lifting 
pads  are  susi-'ended.  A remote  UbO-volt , 1-phase,  oO-hr.  power  source  is 
required.  Less  sophisticated,  but  as  effective,  a crane  and  a spreader 
bar  and  hook  system  was  also  beiitg  \ised  (Fig.  To). 


Module  Installation 


The  unfolder,  as  the  name  implies,  performs  this  function  on  the 
pallet-mounted  sheets  which  are  folded  into  approximately  8- ft 
X 2l+-ft  (T.32-m)  panels,  stacked  8 panels  to  a pallet  (FiR.  27). 


Figure  27.  Stacked  Panels  of  Folded  Insxxlation  (Background). 

Highway  hauling  restrictions  dictated  the  8- ft  (2.UU-m)  width  which  re- 
quired folding  of  the  sheets.  The  unfolder  is  mounted  on  an  8-ft  (2.Ult-m- 
wide)  and  UO-ft  (l2.2-m-long)  flat  bed  trailer.  The  operating  space 
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requires  about  21  ft  (G.Uo  m)  of  head  room  and  30  ft  ni)  of  width. 

The  unfolder  is  fully  iyrdruulically  operated.  The  iiydraulic  system  is 
powered  by  a 2 cycle  air-cooled  diesel  engine.  All  functions  are 
controlled  by  iminually-operated  valves  located  in  the  operator's  cab. 

An  operator's  helper  is  the  only  other  member  of  the  unfolder  crew.  A 
tractor  driver  tows  and  moves  the  unit.  T}irough  the  system  of  a raising 
platform  (Fig.  28),  short  and  long  unfolding  forks  (Fig.  29),  and 
movable  luifolding  platforms  (Fig.  30),  the  folded  panels  are  prepared 
for  lifting  by  the  manipulator. 


iir.pi'iivit'il  :i  iiiol'ili'  rfaiu'  hoi'k  U ' f' 

■la 'lit  n i lu'.i  with  li,\al  f-'iu  1 U‘  iinil,  v.'uMuim 


!■  It’, lift'  tl  . Muni I'ul lit  or  L’niiponilod  t'lvMii  Mv'l'ilo  I'nuu 


mounted  on  the  crane  boom.  The  unit  wei^lia  12,000  Ibr  (hi.i'iT'  N).  'I'lie 
lifting  of  the  unfolded  insulation  sheets  is  accompl ished  through  foui’ 
rows  of  vacuum  puds.  'I'he  vacuum  piuiip  is  an  oil -less  rotary  vane-type 
piuiip  with  vanes  nmde  of  precisioji-ground  liard  carbon.  The  vacuum  syr.t  i-m 
incorporates  two  parallel  circuits  witli  eacii  cirtuilt  piped  in  an  alternating 
manner  to  every  otlier  pad.  Tlie  intermediate  pads  are  connected  directly 
to  tilt'  main  vacuum  control  valve.  The  outer  pads  are  connected  to  the 
main  control  valve  through  two  selector  valves.  Tlie  central  pads  am' 
connected  to  tlie  main  control  valve  t lirough  two  other  select. or  valves. 

With  the  vacuum  piuiip  running,  vacuvun  is  diriH'ted  to  the  pads  when 
the  vacuum  control  valves  are  de-energised.  With  the  vacuum  pumps 
running  and  the  vacuum  control  valve  energized,  exhaust  air  is  directed 
to  tlie  pads  suj'p lying  air  pressui'e  reipiii'ed  for  quick  load  release. 

Kach  vacuiuii  pad  is  equij'ped  with  a l-wtiy  manual  hand-operated  shut-off 
valve  for  individual  selectivity.  The  vacuum  system  is  set  up  so  that 
vacuum  is  directed  to  selected  pads  to  prevent  loss  of  load  during  an 
electrical  power  failure.  This  vacuum  is  supplied  by  a vacuum  reserve 
system.  The  main  vacuum  contri'l  valve  is  a single  solenoid  type, 
d i reel -act,  ing,  li-way,  2-position  valve.  The  valve  is  in  t lu'  vacuum  "on" 
position  when  tlie  solenoid  is  de-energized  and  in  tlie  vacuiuti  "off" 
position  wlien  the  solenoid  is  energized. 

'I'he  comj'i'esseii  air  blow-down  system  is  used  to  purgi'  the  vacuum 
line  of  any  moisture  acciuuulated  in  the  liiu'.  'I'his  systi'iii  consists  of 
an  air  compres-zor  directly  driven  by  an  electric  motor,  a Tanner  (trade 
name)  de-icei'  system,  a 10-gal  (lll.t'-l)  air  tank,  and  valving.  Air 
t'rom  the  compri'ssor  is  charged  with  the  de-icing  agent  as.  it  taiters  the 
air  tank.  l\im[i-up,,L ime  to  charge  the  air  tank  to  full  )'ressure  of 
ps.i  X 10  N/m'  ) is  1.'"'  minutes.  Vacuiuii  lines  are  purged  after  each 

lift  to  prevent  moisture  acciuiiulat.  ion  oi' , if  temperat  ures  are  below  t.T’K 
(0'\'),  to  prevent  freezing  in  the  lines. 


The  hydraulic  system  provides  two  circuits,  one  to  wrap  the  paiu'l.s 
around  the  pipe  and  another  to  rotate  the  wrappi'd  panel  so  that  the  soiun 
is  acces.sible  for  riveting.  'I'he  system  i ncorporates,.a  7-gal.^min  (.'o.'.j- 
1/min)  llydrel  gear  pump  rated  at  PhOO  psi  (1.72  x lo'N,/m'  ),  directly 
driven  by  a IS-  (ll.2-kw),  1170-rpm  elcct.ric  motor  and  mount. cvi  I'u  fluid 
resei-voir.  All  hydraulic  control  valves  are  mounted  on  the  reservoir 
(main  n'lief,  piuiip,  directional  control,  holding  flow  control  and  blt'cd- 
off  valvi-s),  with  all  piping  placeii  inside  tlie  r<'servoir  to  reduce 
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external  leakage.  l''i'ur  cylinders,  each  with  a 1.."'- 
2-in.  (s.oH-cm)  rod  and  .'S-in.  (t'l.''-cm)  stroke,  pt'rform  the  wrapping 
operation.  'I’wo  cylindi'rs  are  used  per  side.  After  the  panel,  is  lifted 
(Fig.  32),  and  ns  it  is  bi'ing  swung  over  the  pipe,  the  panel  is  bent 
into  a It  shaj'c  (Fig.  33).  Aft.er  placement,  on  the  pipe  (Fig.  it),  tlie 
panel  is  wrapped  around  the  pipi'  (Fig.  1'.).  Fach  pair  of  cylin.iers  is 


I'ont  roiitvl  by  h sepurtito  net  of  vtilven,  no  that  both  niden  inay  be 
oi'erated  at  ttio  ntuue  time  or  individually.  After  the  panel  is  wrapped 
oti  the  pipe,  the  seam-rotating  cylinders  ai-e  activated  to  rotJite  the  se.’uii 
dO"  foi-  the  nemii  riveting  (Kig.  i6).  Thin  completes  the  imini pul at  or ' n 
fui\ct Ion  and  it  returns  to  the  unfolder  to  pick  up  the  next  panel.  All 
control  functions  la-c  tied  in  witdi  appropriate  bliie  and  red  high-int  enn.i  ty 
flashing  strobe  lights.  Blue  indicates  a "go"  system.  The  red  "stop" 

:'.t  robe  lights  are  wired  in  pitrullel  with  a safety  "yelper"  to  alert  t he 
gfv'und  crc'W.  IVo  guylvie  operators  are  required  during  the  swing-over 
and  positioning  sequence.  The  final  operation  is  the  sealing  of  t lie 
pant' 1 .K'ints  IKig.  '"i’ ) . The  finished  line  (Fig.  ) , sliows  an  i n- 1 i lu 
valve  atkl  the  i' K'St'ii  I'Vt'li'  fuimn'iiia  rt'fr  i gerai.  ion  system  inside  the  VF'M. 


Figure  l.ifting  Fanel. 


Figure  M . rmiel  Joint  f'enilng 


Finislieii  line 


CONCLUSION 


The  preceding  has  presented  descriptions  of  specialized  equipment  j 

used  on  the  Alaska  Pipeline  project.  The  magnitude  of  the  project  can  ; 

be  realized  if  the  other  general  pieces  of  construction  equipment  needed  ‘ 

for  a project  such  as  this  pipeline  are  considered.  The  total  luunber  of  ) 

items  exceeds  8000  units.  A schedule  calling  for  the  completion  of  the  ; 

line  and  flow-through  by  1977,  the  harsh  climate  and  environment,  the 
environmental  and  conservat ional  restrictions,  the  remoteness  and  iso- 
lation of  some  work  camps,  and  a full  work  force  numbering  over  20,000 

all  add  up  to  a project  with  luiique  problems,  solxitions,  construction  ' 

techniques,  and  one  from  which  valuable  experience  and  information  can  '' 

be  gained  for  future  work  in  the  fai'  north.  •] 
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